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“ostudied: by useof scannmg electron- mwwscopy Biofiltms were abufidant on- the cotyledon surfaces and were cotiiprised
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Durmg, lhe 1990"; rccmdcd outbrea}o; of foodbome illness
inthe U.S.A. due (o the: ccnmmpuon of alfalfa (Medicago
sativa) and clover (T¥ifolium spp.} sprouts contaminated- with
Salmonelia spp. or Escherichia coli 0157 increased dramati-
cally (Taormina et al. 1999; NACMCF 19993 Since. 1988,
several foodbotne outbreaks due to'mung bean sprouts (Vfgiza
radiaia) contaminated with Salmonella spp. have occurred in

microflore indigéne, microscopie électionique A.balayage, sireté des -

sevéral countries, including the: United Kingdom,the U.S:A,
the Netherlands, and Canada (Anonymous: 2000; Honish and
Neguyen 2001; O’Mahony et al. 1940). The’ primary source of
bacterial human pathogens, appcarx to-be the qpmutmg seed
based on epldemmleg}cai evidence as well as, in some. in-
stances, divect: isolation from 1mphcated seed lots
(NACMCF:'JQ%. Taoimina et al: 1999 Sprouts ‘ate consid-
ered 1o be & special food safely problem, becausé. populations
of bacterial pathogens are capable of increasing from low lev-
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Fett and Cooke

Fig. 1. Scanning electron micrographs of native biofilms on mung bean (Vigna radiaia; cotyledons {adaxial side). (A) Rugose surface
of a cotyledon showing extensive amorphous material on the surface (arrow). (B) Higher magnification showing an area of biofilm
next to a fold in the cotyledon surface. (C) High magnification of a biofilm consisting of densely packed bacterial cells covered by
fibrillar material. (D) High magnification of a biofilm consisting of densely packed yeast covered by fibrillar material.

els on seed to high levels (up (o 7 log CFU/g) during the
growth of sprouts (Jaquette et al. 1996; Stewart ¢t al. 2001q,
2001%: Taormina and Beuchat 1999). Tn addition, alfalfa and
clover sprouts are consumed raw, without a kill step between
harvest and consumption” (NACMCE 1999). MumT bean
sprouts: are’ consumed both lightly cooked-and raw,

In the natural environment, as well as industrial and medi-
cal settings, bacteria are often present in biofilms (Costerton
et al. 199%; Davey and. O’ Toole 2000): Biofilms are assem-
blages of Inicrobes: attached to a surface and to each other by
a matrix composed of exopolysaccharides and other excreted
materials of microbial origin. Biofilms can range in stric-
ture, octurring as monolayers to macroscopic communities,
and in natural environments; they usually consist of multiple
microbial’ species (O'Toole et al. 2000 Wimpenny et al,
2000). Mature biofilms can be highly heterogeneous, com-
posed of microcolonies (aggregates) of microbes enclosed in
hacterial exopolysaccharide and separated by water channels
{Costerton ctal, 1995},

Microbial adherence and subsequent biofilin formation are
of interest to the food science as well as microbial ecclogy
fields. Pathogenic -as well as spoilage microorganisms pres-
ent in biofilms are much more difficult to remove physically
from foods and processing. equipment, and bacteria in bio-
films may be more resistant to the effects of antimicrobial
agents, up-to 500-fold or greater when compared with their
free-living counterparts (Bower et al. 1996; Costerton et al.
1995; Frank 2001; Kumar and Anand 1998). Introduced bac-
terial humian, pathogens may be able to form hoiogeneous
biofilms on- sprouts: but also may become part of b;oﬂlms
camposed of the native microflora. .

Tn contrast: with biofilis present-on- nonliving. %urfaces
the study of biofilms on the surface of plants including fruits
and vegetables is in its infancy. A previous study in our fab-
oratory-using-scanning electron microscopy (SEM) indicated
that native biofilms are abundant on the surfaces of a variety
of so-called. “green”™  (chlorophyll-containing) sprouts {al-
falfa, clover, broceoli (Brassica oleracea), and sunflower
{ Heliarhus. dnauus)) (Fett 2000). Biofilms were most easily
observed on cotyledon surfaces as compared with hypocot-
vls and roots, and biofilms covering almost entire ¢otyledons
{up to’2 mm i lergth) were observed: On-these sprout
types, biofilms composed solely of rod-shaped bacteria were
predommant Cocci-shaped-bacteria and yeasts were- rarely
seen, and i no instances were filamentous fungi present as
miembers. of the biofilms on the sprouts. Differing from na-
tive biofilms obscrved on toots by SEM, bmﬁlms that were
observed on cotyledons and hypocotyls appeared to be com-
posed of monolayers: of bacterial cells. -

In commercial -operations, most green sprouts including al-
falfa and clover are grown hydroponically in rotating drums
or trays and are exposed to- iight Incontrast, mu{w bean
sprouts are grown hydioponically in bias kept in the éark in
this study, we sought to determine: (i) if biofilms are present
on mung bean sprouts, a non-green sprout type, (i) the com-

position of the biofilms (bcteria, yeasts, and (or) higher
fungi), and (i) if the biofilms are wmpmscd of more than
justa menolaycf of microbes.

$ource of *munig 'hean sprouts

Mung bean sprouts were purchased from two retail outlets
and were from two separate suppliers. One sample was dis-
played in a refrigerated, open-faced display case and was
packaged in.a clam shell plastic container. The second sam-
ple was from unpackaged mung bean sprouts’ sold in bulk in
an open bin without réfrigeration in ‘an ethnic supermarket.
Only the first sarmple had a “sell by” date, and this sample of
sprouts ‘was purchased: one day prior to this date. Sprouts
that appeared fully turgid and were free fmm Visible fungal
and’ baut,nal rots were selected.

Scanning- e_iectron microscopy

On the day of purchase, cotyledons were transected, using
fine scissors; at the junction. with the hypocotyls (eight pairs
from each source), immersed in 20 mkL of 2.5% glutaralde-
hyde prepared-in 0.1 M imidizole-HCl buffer, pH 7.0, and
stored-at 4°C for 3 days. The pairs of cotyledons were then
separated by cutting with a stainlesy steel razor blade,
washed twice with buffer alone, immersed in 2% osmiom
tetroxide prepared in buffer for 3 h, washed with distilled
water, and sequentially dehydrated in a graded series of eth-
anol (50%, 80%,; and absolute); The a,otyledons were - criti-
cal-point-dried - fromliquid: carbon: dioxide, and the dried
samples were miotnted on aluiinum specimen stubs with
colloidal silver adhesive paste’ (Electron. Microscopy Sci-
ences, Fort Washingion, Pa.): Finally, the mounted samples
were coated with a thin layer of gold using a sputter appara-
tus (Edwards High Vacuum, Wilmington, Mass.), and the
adaxial surfices were examined. Digital images were tol-
lected using an Imix- 1 digital imaging workstation (Princeton
Gamma-Tech., Princeton; N.J} integrated with - a: medel
ISMB40A - scanming electron microscope (JEOL US. AL Pea-
hody, Mass.) operated in-the secondary . electron imaging
mode at 10 kV. Samp ag were surveyed dnd imaged at X135,
x 150, XES(}O and XSOOO -

B:of:lms on mung bean sprout cntyledons

After fixation and drying; the adaxxal-coty}edon surfaces
were concave, ranging from 7 to 9 mm i length and from 3
to 4 mm in width (Fig, 1A). The adaxial surfaces were either
smooth or rugose with a few longitudinally oriented ridges
anid folds, creating valleys and crevices that were frequently
about 1-2 mm below the upper edges. (Fig. 1A). At low
magnification, some-areas on. the adaxial surfaces were dif-
ferentiated by the outlinés: of epidermal cells and-cell junc-
tions (not shown), while ti hese features for other areas were
obscured by-the presence of extensive amotphous material
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Flg X Suamlmg lestiun hicrogtaph: (stereo image) ef @ vnlilaversd native biofiim on 2 mung. bmn (izgna ?ald!(l!a) wty&edan

(ddd}{ld siden. T‘ﬂe, image 18 bu.a ww\md W 1th & pocket ot lmﬂﬂette stereo viewer.

(Fig.- 1A). Upon exdmination-at higher: magnification, . the
amorphous material was- found to consist:of microbial bio-
films (Figs. 1B, 1C, 1D) that were up o 5 imidn length
(Big:: LAY The compesition ol the biofilms was: variable.

Most were made up of:bacterial cells. (Flé 1), sometimes

with a Tow - number-of yeast-cells ulso-present (not shown),
Oceasionally; biofilms primanly {omposediof yeast vere ob-
served (Fig. -1D).-Microorganisms wete. 1denuf1u§ a8 yeasts

hased ‘on their size; bulbous morph@logy and evidence of
division: by budding. Some. biofilms were composed: of

coed- smped bacteria (Fig: 2A); others of rod- -shaped bacte-
g (Fig, 2B), and some were a: mixtire of cocei and tods
{¥ig. 2Dy Microbes in biofilms were often covered {rangmg
from. pamaﬂv 1o almiose mialiv) with either fibrillar (Figs.

highest magnification employed; fibrils Were often ‘seén at-
taching bactetia to the plant surface and ‘to eich other, and
sonie: bm,mmi cells exhibited bl lebs on their sirfaces (Fig: 2D),
Hiofilms were: absewea‘ that ‘Fonsisied ol a few macmblal
tayers (Figs. 1C, 1Dy _A fmd ”’B__. ds W{,H 48 m&ny ldy

(Figs. 2€ and 3). e :

Qiscussmn

Our prevmux SEM sméy of dh“d] s hrmmh dover and
sunflower “sprouts. indicated that - bacterial  biofilms ‘were
present o all pldat parts (roots, hypocetyls and cotyledons)

but were most abundant vn-cotyledons (Fett 2000). Trr that -

study, except for some biofilins. present on roots; there was
no evidence that biofilnis consisted -of -miore than a siagle
Jlayet-of bacterial cells. The results of the current SEM study
of mung bean cotyledons differed from our previous study

of green sprout cotyledons “in -several ways. Tirst, cocci-~

shaped bactetial cells as “well ‘as yeast were much more

abundant on the mung bean cotyledons, and both: were found -
to form: biofilms, Also, micrographs indicated that biofilms .
ori mung bean LOW ledons. were oftén imore than a smgle bae

Qe
and 1D op shect-ke: matevial (Figs: ZA and  2B). AL the -

iccatiot

- lase}: microscopy (CSEM) (Carmichael et ul 1999; Morris ‘et

wmi Iayer in depth Addmonal stucim with Im‘%r and more
diverse samples are equired 16 confirm’ these dﬂfemnceq
Yeast are capable of initiating : biofilr s on-inert surfaces
gRevnelds and Fink 2@@1) and, bas‘ d on Qur’ xtud /, Appedr to '
bt: able lo- mumu, bmﬁ}n . on wtw]ednn %uriau: as weli ‘

The sheet-like aﬂd ﬂhrﬂlm ‘material that folly orp
coated microbes present in biofilms, as well as bacterial cell
swrface fibrils and: blebs,. weére most: likely highly hydrated
{in their natural state) bacteridl me()]} saccharides and othet

exerated: bftctemi extracellular ‘materials (pmtumn nugieic

acids, and lipids) tiaat had dried during the processing of the
samples: for microscopy (Costérion ct-ali - 1995 Davey and
O "Foole 2000: Sutherland. 2001; Whﬁchmch et al. ”’O{)?) -
Pravmu biofilmsic mfcrcd by sheot-Tike ’matemal were ob-

‘served on. plaiit fsaves by SEM (Bjotklof et al. 20005 Mortis .
" et'al. 19971, These biofilms consisted: of either native micro-.
flora or & psoudemonazl that was tised for inoculation. The

thmceilular amm‘( m beheved 1‘0 pmteu bactam tmm du»f

Sm(hcs empioymv E:EM m{ﬁcat@ tha’{ mtwe bmﬁlms are
present-on.a variety of - plant surfaces - (Fett 2000; Fuqua and "
Matthysxe 2001 Ttoh et al. 2001; Morris etal. 1997; Sharga -
1997; Sutherland 1996), h&a@n&y native bmfﬂms presam o
fealy vegetables have been studied asing canfocal scanning

L

m

al. 1007). CSLM does not require fixation or drying of sam-
ples. Studies by Morris et al- {1997, 1998) using CSLM in-
dicated that biofilms on ficld-grown leafy vegotables are up
{0 20y in depth and 1 mim in fength and dre heterogeneous
i nature,” coraposed. of “bacteria, filamentous fungi; and
Yeasts. SRS LT :

The preseme of native biofilms on muﬂg bean sprouts af-
fords microbes that are pathogenic to plant% or hurnans po-
fential colonizaiion sites and protéetion from both. physical
temoval and killing by antimicrobials.: CSLM s currently

betnig f:mploveci i our Iabomtorﬁ to further {,haractet*szu na-

five biofilms on sprouts
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